Virus-free plants of Morita navel orange obtained by heat treatment were preinoculated with 5 mild strains of citrus tristeza virus (CTV) collected from citrus trees in orchards, two mild strains obtained artificially by heat treatment, and one strain of citrus vein enation virus, respectively. Nursery plants preinoculated with each mild strain were challenge-inoculated by Toxoptera citricida with a severe strain of CTV, and after 1-2 years they were placed outdoor. About 3 years later the trees were replanted in a field close to citrus trees infected with severe strains of CTV. Field surveys were periodically carried out to observe the occurrence of stem pitting, tree growth, fruit production, etc. Based on the results of indexing with Mexican lime seedlings and the occurrence of stem pitting on branches, cross-protection against the severe strain of CTV was recognized in the field for 7-9 years after challenge, thereafter the cross-protection ability was lost. Initial growth of trees inoculated with the mild strains was more vigorous, tree and fruit sizes became larger, and yield was higher compared with the trees inoculated with the severe strain. The M-16A and M-15A mild strains showed better protection than the other strains. Yield of trees preinoculated with both mild strains increased by about 50 percent, and also the size of fruit was larger than that of fruits in trees affected with the severe strain. There were no conspicuous differences in fruit quality among the strains tested.
INTRODUCTION
In Japan, most of the citrus cultivars are infected with severe strains of citrus tristeza virus (CTV). Satsuma mandarin which accounted for about 63% of citrus production in 1994, is tolerant to CTV. However, other late-maturing varieties such as Hassaku, Miyauchi-Iyo, Navel orange, Pommelo, Tangor, etc. are susceptible to CTV, and tree vigor, fruit production, fruit size, etc. of these cultivars were adversely affected by CTV. When virus-free nursery plants are replanted in the fields, they become quickly infected with severe strains of CTV, because the vectors, Toxoptera citricida Kirk. and Aphis gossypii Glov. are common in citrus orchards, leading to plant damage.
To address these problems, cross-protection using mild strains of CTV against severe strains has been applied in several citrus-producing countries2, 21, 28, 30) .
Therefore, cross-protection trials with the mild strains of CTV using Morita navel orange susceptible to CTV were conducted 10,16).
MATERIALS AND METHODS
Morita navel orange infected with a severe strain was subjected to heat treatment, and virus-free plants were preinoculated with several mild strains. Preinoculated nursery plants were artificially challenge-inoculated with severe strains by feeding exposure to T. citricida and then were planted in the field. Surveys for virus indexing, occurrence of stem pitting, fruit production, etc. were periodically carried out. First, second and third trials started during the period of 1980-1983 (Table 1) . Table 2 . c) Toxoptera citricida. 
RESULTS
Two to 4 years after challenge-inoculation In 1985 (Table 3) , the rate of occurrence of stem pitting (SP) on twigs of virus-free plants preinoculated with the mild M-8 strain, followed by challenge inoculation with the severe S-5A strain, and that of virus-free plants inoculated with S-5A only, were 59 and 55, respectively. All these plants were found to be infect ed with the severe strain by indexing with Mexican lime seedlings. On the other hand, the rate of occurrence of SP on twigs of other plants preinoculated with the mild M-10, M-15A, M-16A, M-23, M-23A, M-24 strains and CVEV (V-16A), then challenge-inoculated or non challenge-inoculated, ranged from 0 to 27. Most of these plants still carried the mild strain only.
Seven to 9 years after challenge-inoculation In 1990 (Table 3) , three years after transplanting in the field, the average rate of occurrence of SP on twigs More than 10 years after challenge-inoculation In 1992-1994 (Table 3) , the average rate of occurrence of SP on twigs of all plants increased , because the plants had been exposed to natural transmission of CTV outdoor for 10 years. However, some plants still Fruit production and quality In 1990-1995, total weight of fruit produced for 5 years (1990, 92, 93, 94 and 95) on virus-free plants inoculated only with a severe S-5A strain was 68.7 kg/plant. On the other hand, average weight of fruits producted on (Table 3) . Especially the mild M-15A and M-16A strains produced more fruits than the other mild strains. Also the total yield of the plants preinoculated with either M-15A or M-16A alone was higher than that of the plants preinoculated with other mild strains. There fore, M-15A and M-16A were considered to be more effective than other mild strains. The quality of the fruits produced in 1994 was tested on plants inoculated with M-15A and M-16A, and on plants only inoculated with severe S-5A. There were no appreciable differences in Brix value and titrable acidity among them (Table 4) .
DISCUSSION
There are many reports1-5,10-16,18-24,26-32) on cross protection using mild strains of CTV. Cross-protection was affected by differences in the number of vectors and the severity of the CTV strain used for challenge inoculation27). In the world, main vectors17,25) of CTV consist of T. citricida and Aphis gossypii. A. citricola24) was also found to be a vector for CTV in Florida, Spain and Israel. T. citricida is widespread in Asian countries, South and Central America, South Africa, the Caribbean Islands, Mexico and U. S. A. (reported at 13th Conference of International Organization of Citrus Virologists, 1995), but not in the Mediterranean region. A. gossypii in Israel where T. citricida does not occur, and U. S. A. becomes the main vector. In Japan, almost all the citrus trees are infected with severe strains of CTV, and vectors, T. citricida and A. gossypii, are common in citrus orchards. T. citricida is the main vector, and one aphid can easily transmit the virus. Cross-protection was not evident when more than 15 aphids of T. citricida per plant were used for challenge-inoculation28). How ever, A. gossypii is not an important vector, because the transmission ratio of CTV is very low8). 
